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(54)Title: PENICILLIN BINDING PROTEIN GENE AND PROCESS FOR PRODUCING L-GLUTAMIC ACID 



(57) Abstract 

A process for producing L-glutamic acid 
which comprises the step of culturing a 
coryneform bacterium in which a penicillin 
binding protein gene (PBP gene) encoding 
penicillin binding protein on chromosomes has 
been disrupted and the normal PBP gene is 
carried on a plasmid having a temperature- 
sensitive replication regulatory region, at such a 
temperature as not allowing the temperature- 
sensitive replication regulatory region to exert its 
function, and the step of culturing the bacterium 
at such a temperature as allowing the 
temperature-sensitive replication regulatory 
region to exert its function, thus producing L- 
glutamic acid. 
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cFtLTV^S (T. D. Nunheimer, J. Birnbaum, E. D. Ihnen and A. L. Demasin, 
Appl. Microbiol., 20, 215-217 (1970)) 0 ^-v' ]) ><D&i&nm&&mv>W& 
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(***3S-e&* sr^ntt. isf-Mii, ^42#, ^2633-2640 

MU997)) a 

bZ%X\ "<^->y^^-o^6 (P B P : penicillin binding protein) ^ftB 

%flzq>>bmz.WRfi$ftt>tltzx-i<'x. V k7 • =1 U (E. coli) 700^; 
^ia^t5:^ s ^ot^0 (B. G. Sprat t, Proc. Natl. Ac 
ad. Sci. U. S. A., 72, 2999(1975)) % ^<D*PXP B P 2 fciyp B P 3 
$tvfctO^«^}CEg^i!lt5rUTV^ wi^^^tlfc (B. G. Spratt, 
J. Bacterid. , 131, 293 (1977)) . LfrLfttftb. =* V *m.fHm\Z'<-*sy 

^y^MisSK-b^-^y ^jfe^se (wt> rpBPj £p&i-> 

±!Bftjlfc£fcft$;ixfct> PBP^IE^JC^UTioib 

itPBP i5jE^tc«|g u n§ 2 oiag-eri pbp asiEflNcttttg l^v^®-c*> 9 % 
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-K-rsae^ (pbpi^) tmMm^mmmmm^t^ts-fy^^ k 
£/t«9?o£ bicmofflfci*. mmxmas^x, pbp^, ^-<>^g 

$ Stz il(CSDS-^!i7^'J/i'7^ K^/HE^ScSl-C^ft^ 6 0 , 
WI^M-O^PJIi, TIE (A) XI* (B) tc^SeR«r = ~K-t-5DNA 

'5 o 

(a) mmno&m&-%2iz.ni&<DT$.;msiw&Gi-zw& , R, 

(B) E^OE?iJ#^-2(Ct5^0T^ y^MH^J^iSV^T. lfl<liti©7 
Jba£3£9§0>0* LV»flH3ttt, TIE (a) JUZ <b) DTtDNAT^Oo 

( a ) E5»j*©ia^i#^ i izmm<v&mmm<D ? < t t>&s#5- 8 8 1 

- 2 6 2 3/&><bft<5i£SiE?iJ£^ti>DNA 0 

( b ) E?imoia?ij#-5§- {ctEmo^sia?ij<7) o < > t>&g#-^- 8 8 1 

- 2 6 2 3 d» h * 5^Sia?iJ t^MJ^'>*xyh #^#TT-W 7' y *V X U 
< i > =x y *s*»®<0 P B P 

^7t^3l& = y y *^JRfcl*fc^£ftfc»IM&'£fr (Int. J. Syst. Bact 

eriol., 41, 255 (1981)) % *fc= y t y ^JSt^{Ci5»^X^ f 
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3!)^7!) ?A • Tir h^/i^ 5#A 

^y^^f^ ?a • y y ?a (a y^/^ry *a • a) 
yu-tv^^y v a • T4'<v fifj* (3 y^fji -7 a • ^ tjak 

yi/fcV^^xy ?A • 77^A (ay^/^f!) ?A • ^ 7J A) 

7*Hr/^f'J *7A • 7^ F77~^ V* A (3 !)^/^t!) ^A • ^/V^ * 
* A) 

7" 1/ t'V<^ X y "7 A • D 1? [7 A 

yUt'/^fy 7i,' t-7 7JDljf ^TJA 

yn^/^fj ^ a • <?-jrtf=i? y * 
=r y ^/^^xy >7A . 

= y^/^7y 7A-7t h7->K7^7A ATCC13870 
3y^^^7y £A • Tir h^>* ATCC 1 5 8 0 6 

^y^77y^^/^ ATCC 1 5 9 9 1 
=i y^/^fy [7 A • $Ol/*r ATCC13020 

3!i^7y ^a . y y <7A (= y^/^^y ?a • ^#a) at 

CC 1 5 9 9 0 
= y^/^fy ♦ * yir = — 7 ATCC 1 7 9 6 5 
7*i/^^fy !7 a • >T4'<y a (= y ^7y £A • ^/V* 5 7J A) 

ATCC14020 

^utv^^y ?a • 77^<a (a y y ?a • 5: *a> at 
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C C 1 4.0 6 7 

7>kV^f|j K • /f>v!lt7^7A ATCC 1 4 0 6 8 

^'i/tv^ry ^ • 7* h7s/M (= y^-^-r y ^ • - 

;fri>0 ATCC13869 

-f\s fcV^r V "7 A • nif *7A ATCC 1 3 8 2 5 

ATCC 1 4 0 6 6 
7'l/tV^7F')^- ft^^D^ ATCC 1 9 2 4 0 
ay^f^A-f-^T^y^ AJ 1 2 3 4 0 (FERM BP 

- 1 5 3 9) 

tf, =« y *^»«oKM#K«*fcLfc' < -'>y >^ox.r^^-&, 

^ h77 _ ;/ y ?A OPBP}j:, mtsHiSW^M-J: 51-. SDS-^yr^ y 
K-7VH^*f) (SDS-PAGE) J; »9 . -<-^y>G^^Lfc^ 
IWifillOkDa, lOOkDa, 0 kDa©3o©/^ 

LT&tii^tk PBP 2, 3 b^%£tltz 0 

znb<DPB? ^-■>'JVG©H^t*fc5^v'!ltA (mecillinum) b 

* dr^J^Lfc ^ftibtf)- PBP, 

tPBP3 <0«H£M1-£ t'tfym-e L - 

5 ^K^J«* 5 5l#jEw i*s*$Jx^o Lfc^oT, PBP^iE^^ 

PBP^IE^C^t^v^ y^Mlffl®tt> L-^u* * >&£MB£a5ft 
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P B P w ^ PBP <0«6|gASiSTXtttB^U^^-e&o 

T<f>J:V\, 

P #:E# K«tgU ^2©*ff*^"t?W:PBP^IE1ir^»l6b*V>aB||-efc5. 
PBPHTIt PBP3^IU^. 

if^tL^o »«^ittll, IPTG Wy^n^e-D-ft^^ Ft' 
PBP^jE^^lgL^v^y^SUBffiirLT^, ^J^«, Eft £*trr * P 

BPrau^i 5i-PBP^ = -K-rsae^ (pbpi^) 

£-C*>oTt>J^U !E#K«t&Lft^P BP 5 fc£&^fcoTi 

PBP&^£fc**^53mttS:fcW£ft3fc«K H5ia£#W*tt* 
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xnmmi-zztfrxz, w,2(Dum. wztinis.) xn^ML^^mm^ 

DTSRIS^S* (W09 5/2 3 2 2 4^IM^>7U?/ h) S. 
a-KGDH£*i#c (WO 9 5/3 4 6 7 2 #SK&^W^ 7 1/ -y h) t>S^ 

^mLtzMmz^xmtz^-i/ v ^^n&zn o z\t\z±vxftiz.t&- 

*mMm<OPBPSL& : ?'&?n--->yi-ZZi:&X*%Z>o -ftjifrh. PBPiS 

12, ^JI#tc:«t<*Bfeixfc*tS, ^x.tf^e 1^^-3.7— • 9u—--y!f (Sarabrook, 
J. , Fritsch, E. F. , Maniatis, T. , Molecular Cloning, Cold Spring Harbor Labora 
tory Press (1989)) tlT^So 

^i/MHiil^^E =ilt©#8fc (H. Saito and K.Miura Biochem. Biophys. Ac 
ta 72,619,(1963)) ^{C J; 9 MDN A%IHM1-6 0 £Ste£fcDNA%igy§ft 

m<Du^mmi-hif, m£^"mm<vM?mmfc&mxz z> 0 mx.\t, sau3Ai£, 
m (1^-2^) t&&#DHAizifemz-£x~in$:miki-z>o 

NA(0§JWrK:ffiV>fc#J|R»3{l Sau3A I ± |5}-3fcffii£SIE?iJ%£ t $-fro»JR#*, 
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WtliBamHI^ i^3 0m> 1 -100^ y h/mlO^TT 

USfflJEU:, »*t<ttl-3^RI, ^^-DNACtf^S^Tlft^^ti 

4DNAy^%. 1I4-161C, #**«l-100«yh/BlO*fr 
T"Cl^raW±, $f*L<(i6~2 4^f B Wffl$^Tmm^DNA%#5c 

tf pUC19, pUC18, pBR322, pHSG299, pHSG399, pHSG398, RSFlOlO^^lf e>H5. 

fg7^*>oDNABfrjt (flJxitf* PAM 330 (#§3IS58-67699#4Hft#!£) , pHM 1 
519 (#HUB58-77895^«#SR) % P CG 1 <#HBB57-134500*4**#!») , pCG 
2 (#HBB58-35197^«#B8) , pCG 4 (f»MBB57-183799^«#!») . pCG 
11 (#MIB57-1837994^##!gO ^<bf^T#5) £#A-T5i:> 

pAJ655 ii/x!)t7o!(AJ11882(FERM BP-136) 

a !) ^ m U-t* M ^SR8201 (ATCC39135) 
PAJ1844 x>/x!)t7-3!)Ajll883(FERM BP-137) 

a ij %>^m * A • ** ^ * *ASR8202 (ATCC39 136) 
PAJ611 i->x!)t7o»JAJH884(FERM BP-138) 
PAJ3148 KM* • 1* *9 i^SR8203 (ATCC39137) 

pAJ440 **fW-a*7*mAJ11901(FERM BP-140) 

^UM^DNA7^^7!)-^rato« I^RClfttt D. M. Morrison^ 
& (Methods in Enzymology, 68. 326, 1979) fe5l-tt$*«»te«r*ft*^*> 
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?AT-&SLTDNAtf>iii§t££:ii1~;$"2£ (Mandel.M. and Higa, A. , J. Mol. , Bio 
1. , 53, 159(1970)) ft o Zt&X'ZZo 

Ml^IlC^^tf^ (Duncan, C. H. et al. IC «fc fc^/V* • X;/^- V 
*»C§i-f5#£) dSfcS. 7*7:*^ KDNA&^td&fl&tfDNAS 

h^7^ fete* 7* 0 7*7* FWt5:i:iaotWJ)a 
^{-^D^or^^-5TtgT'fc6o w^btt. -x/f t?^;-* 

^ir^&l^S^oV^TftJibtlTV^ (Chang, S. et al. Molec. Gen. Genet., 
168, 111, (1979), Bibb et al. , Nature, 274, 398, (1978), Hinnen, A. et 
al., Proc. Natl. Acad. Sci. USA, 75, 1929 (1978)) 0 %<Di&. #Bfl¥2-2 

0779 m-&m^ v ^mmmmmmmm^m^^tix^^. 

^f^^Ii^-et^o ftbtl1ZJ&'R&&&fr t 3, P. Guerry <b 

O^ifc (J. Bacterid., 116, 1064, (1973)) „ D. B. Clewell O^fe (J. Bacteri 
ol., 110, 667, (1972)) ft if «fc K) «L&;ID N A SrSMTr 5 r £ (C J: "9 , PBPit 
fif^ttt 5 D N A^!:#5 : i: $ ^ a ^©«»PBP, 

#i;ttf^>^!J tr • aixoPBP^a-Ktsifi^ xte^&siE^H-S 

P B P ite-f - £*a trM& tDNA T?g|t «s& $ ftfc = V * Mmm £ # o 

PBPrai:Itl?iv^ ^ftta^flfet-, _HE<0«fc9fcb 

TftfcftS P B PStfi^SrfiJffii- 5 Z «c«t oT t>#J«-r 5 w t 5 0 PB 

Pae^OrtaSr^L. jE^tc«f|-r5PB PS:Sfeb*v^«t p{c5fe3EtfcP 
BPa-B^ (^^MPBPit^) £^CrDNAT-= V ^M*fB@£7fcff^&U 
^SPB Pitfc^&rfeftJt^PB Pite^riO^-eia^^^Sr ~ £ 

ic«fc9, gsfeft±fl) p b p te?- 3 : i 1 5. loi^ift^aft 
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p y A 7 ^ - 3 -^^^j (clf14^^-r -r - * -m.^ t A t T,m&;t D 

mfc*t<Dm&mfci-2mmmz.DNA<Dm<D&fr sg^g 

M^DNAii^lPBPie^^^ffcfelC, 2i©PBP 

^(Dm. IE^^PBP3t^^feft:DNA_hica$ti, X^PBP^W 
®<0lii£tlZ>ii&b, &mzX&mPBPMte I t L ft%k&VfDNA±.\zn£}l, IE 
®KP BP&fc+tf®<9 iti£tlZWi&frhZ> 0 l^ftcD^^ i&£«££1ft8i 

^^MPBP5t^^feftDNA±lC^$H/c^{i, IE3t&PBPjI£ 
^^-a-t?^^^^ K^«^^>^i-Sfc^ii5gT*t^v^^ IE3t&PBPitfc 
Mfe#:DNA±i:i^fcI^tti|lT*f5 0 Lfc^oT, ^^Stt^ 

L^^ia^T*if?iT-#^^^^51^-t-o^i(Cj:o-C, Mf$DNA±OPBP 
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m^\±nmmmmmmmL^^m wz-t&Kis.) x^mi-mtPB?^^ 

utvxmwi-zih ztitt&uxh%^n&z$m-tz>nmxttte<, 
fttim^&x-bv, Muxnmm^m^mm^mmmmmmmbtini-f. 

ft, *38W^ffiv>5fSI[^i: IT, SfefefrDNAiOPBPa^&flfcfcU 
Etf&PBPftfc^-/?^ K±tw^jf ^^rfcmJCr e c A"iC Lfctfc&JB^o 
te^T-^^iC^^^^ K±#PBP3t£^ri s 2k£#^ffi^&*ft5 < &&G& 

^7^5 h r (0£&9BMft* WtL.\£~?7*^ Ktffvthoft Kd^-/;W7^ 
(G. 0. Humpherys, et al. , Molec. gen. Genet., 145, 101-10 
8 (1976)ft£ftf5fc5) #;#ifbft3 e 

LXte, pHS4, P HS22, p H S 2 3 «if pHS4^«b 
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. 3yffl©^^-tfc5pHSG3 9 SizmmLXmhtltzyy^^ KpHS 

JJAJ12571HU 1 9 9 0^10^110 CfiFSMH^XmS^^X^ 
XHS^^BFf(C^I€#-§-FERM P- 1 1 7 6 3 ^ttf!t^^ 199 1 
¥8J3 2 6 StC?"^* h^-JicS<5< SKH&ftfc^$;ft„ FERM BP- 
3 5 2 4 <OSK#-§--e*f€$iX"Cl^o 

. :n^«Mfe/7^;K(i3!;WI«^i:io^t, ino~3 2 

mH I i:K_p_n IT^0mi-l<biCio-C#btl6 0 

«05*aSiE?!Itt, 1^7- 1 0 8 2 2 8 -^•4*$&KLfciij£ £ ti>T V ^ -o 0 

€f^7^-MU raurEiH5T-£ PB P 3it€^ (ftsl) ttifi^LT^S 
TV^-S H <*r#»£a£>iXTV ,l <5 (Ishino, F. Nippon Nogeikagaku Kaishi, vol.63, 
No. 11, 1755-1764 (1989)) 0 Lfc^oT, = !J ^SJJWM^^Kl&^ftTV^ 
murEigJtjgSttSgJIttcSr^ii: Lt, = y'*M»«*3fe©3k£f$:DN Afc^tfT' 

$ 5>i:, **K(c-«t DPB P^^S.U ; ^(Oil!|^0^(7)^5iE?ij7i5^ib^{c$ 

ilitoPCR (sH y * 7— tf^^-f >y v-3 > : polymerase chain rea 
ction ; White.T.J. et al. , Trends Genet. , 5,185 (1989) #Bg) %;'(foz\tlZ 
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^©aUSEWfCtt. • !)-f^^-7i'-i (ORF) 

(&g#-*§- 881-2623, 2790-4454, 4467-5345 
-TZo ^tv€tLO0RF^n-KU#6T^/M^^, E5U#* 2 - 4 tc^i- c 

-5, -«©ORFas = -K-r*T$/ME*Jtt, ^ * 3 ^ PB 

PSm.^ (ftsl) i7 5 / u-^/^T^ 3 1 %tf>$BPte£7FLfc. 2# 

^^PBPii^f^ s-KSftSS&Sto^^y y^^-TSStt^ 

ja&^fti^g 9 , i ^ t < liit^tfto i m t < ii»«or ^ / ^©sm, 

xii^i^tfS6S^ = -Ki-5-bo-efeoXi>iv\ r. 

/RE^fcfcMU 3 0a»e>4 0%£JLh* 0*L<«5 5-6 5%^±tf>*@P) 

±l£Oj;3&3r££ft<tDNAti:, tse^^tt-CV^^S^S^ioTfc 

Fn# .^ 7 ,y| t/ (yt'hni!ilt5m &T/-<- y 6 * 3 ~ 

Ki-*DNA£fc#i-5»£*J* ^J^^v=y t7lil?:« £*MftBtf*£;/t 
ttN-^/v-N' -ihB-N-=hoy/7^ (NTG) b < r±3effifi^<0il 
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±.wZ<D £ 5 t£&M<DM&* HA, ma, xnm&mizit, 

(mutantXfivariant) b^~£fr& 0 
3Efctf>;£SE?lJ<0 5 *>, i£S#-§-8 8 1-2 6 2 3^^>^6^SlE?iJ^^-f 3D 

>5!££56£ilflffti;:iRi— <z>* w^JC£=i-- K1-5DNA*s#f>ii5. 

Ibt5:il«t$)5i\ -Wi^ttf^ *BEH4i&SEiV>DNAI*l±, 0|;ttf5 

o%j^±<^ii^4£^5DNAi^:fc^wy y ^xu ^ftj: Din^tt^fe 

if-v'a ><D$b^<D&fcXhZ) 6 Ot, 1XSSC, 0. 1%SDS, ^L< 
tt, 0. 1XSSC, 0. 1 % S D S CffiSt^M^tv^ ^ y Xf 5^ 

< 3 > L - ^7i^ $ 

±t&(D£ ?£PB P^IE^(c^tT^ibT, ^o, L-^/v*S>&£Sfg 
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lo 

LTiim^-frfc^, m2<D^m^^y v l-o§§iu l-:t>*s 

#9. 

M^mmm^^^xmrn^m^^M-r^^xmrnvtz^ -f?*^ v^mn 

^MirLT^, ^3-^. 

m.mmtLXit. mmr>^=-9^. mtT>*-vj*. v>mr>*-9^ 

S«tt»Sl«^#Tt? 16-72 l^Klllfe't'o^^.t < > if 2 0°C~ 
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mm, pbp 3 f<-isv yG to^i.zM-r^^^Di-^^m^^-t^ 

&m » jgifc-fr a fc ft <p ft B ?>ff0fi 



< i >&mft<D$m. 

(Brevibacterium lactofermentum) ATCC13869#c£ 2 0 m 1 <DAmi& (# U 
^T'hVl 0 g, g|«^**5 g, NaCl 5g, $Ov=a — * 5 g %7K 1 L^K 
<£tf) CIIL, 3 OriCTig^ 5#*U 6 6 0 nmO^Ml. OK ft 
ofcir^tifU 50mM, pH7. 0©!) ^St M!!?^<'/7 7H:t 

MESSRS**?' h (PIERCE tt^, Micro BCA Protein assay kit) arffi^T 
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feMLtztZZ. 4mg/mlt^ot 

< 2 >^--> y v^-a-afc 

PMtfcl^®^3 0 /£ 1 3 At 1 (7) 14 C— ->y yG (AmersharafrM) 
SQL, 3 0t\ lO^^fct, 2 mIOI 5%if>=i^/v (N-7*n^,w 
fvi^>>-^- h y 33«fct*4 5mg/m 1 O^-v^y >G£3)D;iV ^*§.(~T 

2 0^IB*ftUfc, lS.OOOrpra, 3 0^, 2 ori£4>(£J: 0 ^&te®#£&#Lfc. 
I^ty//^ 1 0%©#!)7^ y/VT^ K£<atf<7vv£ffl^TSDS-PAG 
E£*tV\ $vv£@;£, ft&Lfc^ I ±7^/^i^y-^7t7'f f-B 
AS 2 0 0 OtdTfllflfLfco HOkDa, 1 0 0 k D a /*5.fctf6 

0 kD a i0 3o©/^ F#M&tt}£*K W^PBPK PBP2, fcitfP 
BP3tlnJ* UfCo 

< 3 > P B Pf&&m.WM&%^fcf&Vr 

^~^>y yG©i#tfc^^ v-y-^-A<hPBPiolSfP'l4$rP^fco 
±i5^^-^y ^fe^sjsiifnc^ *>y f-A%^&^{b£-£T»u isittfr 

( 14 o muvtz-<^^v >Gt<Di&&<Di&mg.&tii' < z>zLt\c£ ymmttt p 
b p t (ommzm^t^ %<o&zk. t^vi-^mmzxv pb? 3<D^mm 

(dg-^f srtasiska^ftofc (mi) . 

iieAitifeicyutV^^T 1 y • 7? b7r-*>"?^ ATCC13869#;£*tM 
U 3 Or, 2B5IBJfi£ 0. 0lMM-10 0i»M©^>!)tAS:$ 

/Wtfy^7t5^f-AS2.10 (tefcEfc&M) fcJBl^CfflJtLfc: 1 ) . 
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*1 





L-**J^>B£«g(mg/L) 


0 


0 


0. 1 


0 


1.0 


0 


10 


0 


100 


r- T 

0/0 



S * S yB6<&£j£tt. '>#< HPBP 3«SliarPl*rs^i:(C«t t)?lf e 
ggHfeflBI 3 yu^^7 L V'>i>-7^ h7?-^^j r ^ ATCC13869D 
- J 7 l/tV^r^A- 7 ^ b7r-^>^^ ATCCl3869<7>^-fe^D N A<D 

mm 

7"i/tV^f!)>)A Y7T— * y?-& ATCC13869#c£, lOmltf>L*£ 

% U%#I>^H^ 0. 5%gf#^**. 0. 5% NaCK 0. 1%^ 
a-x, [ P H7. 2] ) CX-HfM, tfco fM50mMF!J^ 
50mM E D T A ( p H 8 . 0) S*?StC«t 9 8 0 0 

±SB<7>»#:»aaE{^ 5 0ml /ml r/f-«l:4 0/i K *3«fctfl 0 
rag /ml yt^^l/T-tW20iz 1 ^fll U 3 7 <CT 1 B3f4H ^3- ^ 
-hLTto wtttc, 20%SDS^20^ 1»U 7 0tT'lW>^ 
a^-hLfc, ^!V^T, 2 Omg/m 1 T'n^i — if K*&*££ 2 4 ju 1 SsflQ t „ 
b OVX'imiM y*^^- ^ Ltz&, $f>t:7 J nft~t'K^5:2 4^ 1 
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—A*/? u afr/i>M > icX2W?3, & un*;PV^ y T ^ jVT^^— MZX 3 0 

3t„ DNAOftJglS, 3 00m lOTEifi (lOmMM^f^ ImM 
EDTA [pH8. 0] ) KigtfLfc. 

(2) /UWf!)?A 7? A ATCC13869c9^&frDNA7 

±15.69 £o\Z LT#P>tl/"c7" t'V<^7 x y ^ A 7$ F7 7 -^>^A ATCC1 

3869cO^£ftDNA&U^>^ y t7 • =jyco^nfc° ^^-pHSG3 9 8 

C^Jiig (HO ) fHffiBMSHindlll (80 ) TiML/c 0 ~h,b<DD 

NA£MtTo2g£U Takara DNA Ligation Kit ver. 2 (£i§5g (tfc) ) 
-Cil^t, ^1/tV^Vy^i^ 7^ F77-^ A ATCC138690>&rfeft:DN 
A7^f7*7 y-Sr»Slbfc. 

(3) PBPlg^n-yoiK 

±taco j;9{CLT#ibixfc^VhV^xy 7* h7 T -^>^A ATCC1 

Kl 1 (mu r Effi£fl&gte3EH, J- Bacterid. , 1972, 110:41-46) 

2 0 itg/m 1 ©^n7A7* = = -ywSr^tf L*^i6 (1. 5%T#- 

^l£l^Lfc«t 3 k bOHindIIW>t^^ n->^$nTV>fc 0 

K£pHSGH-H£ift£ Lfc 0 

(4) ? n— y{fc$;ft,fcDNA»fr<&&SE7iJtf>fcj£ 

JbfBCD ? n — yfb&frJtlCO^T, Thermo Sequenase fluorescent labelled pr 
imer cycle sequencing kit with 7-deaza-dGTP (7Ty + i 7 t ^~^">T 
■*7y9m ^fflWc^X^v^^tT^ DNAv-^x^t-DSQ-l 
0 0 0 L i&m&fm) !:I^tITOJ^^^Ltc ifcSSftit&gSTiJsr. 
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m#±© p b p tef^** $ iifc^ w f y *a • 7 ? f77-^ y 

pHSGH-H£££M£ U 1E?'J#^- 5 6 l:^tSSiE^JIrtt^t V l"* 
f- LT, PCR&fri\ P B Pit-B^Br^fciafi tfc c K?iJ# 

tc:m^T:!£g#f-2991~3014K4l^5BE3aj&^ N JrtiZtiV ^MHcEcoRim 
ttE#l£WLTV^ 0 PCRSJ&li. Tt?JK©PCRSJCS§£S (Sffiat (#0 ID 

PJ2000M#) £&jEU Taq DMAstfy * 7— t? (^git 

#e>ftfciffitftf€:EcoRlT?*&SU pHSG299 (^Mit (80 M) cDEcoRIg^ilC 
jfAt, pHSGE^f^MLfCo = y ^IHllffll£M§l4/7^? KpHS C 

^BanHLfcitfKpnl-em-ffcU £54fSI#P«#*r^ frmfci^K-^Stft U #<btl 
fcWr>i-S:SiB3t OHO ^Blunting kit£JfH^fc5fcSSfl; LfcgL Xbaiy>#- 
(SiBigOHOjK) ^ffl^TpHSGEOXbalSB&tC^AU pHSGX&f£M Lfc 0 2fetC % 
pHSGX^BamHI*3«trJ«pnI-cm^t, ■sLWfik (80 ^Blunting kifC^Jt^-fkL 

Takara DNA Ligation Kit ver. 2 (SffijS (80 ) Zm^Xtfryy^?— 
isa^&ftotzo #W:/7^^ KpHSGXABKtiu P B Pa^ftSSr^LT 

±154) =fc ^iCLT^^nfcPB PJte^eftffi^^^ S KpHSGXABK^ffll^T. 
-[ElMm^^CJ: 19 , ^*iPB Pite^fcTVtr/^Ty ^ is. • 7? F77- 

^ y^ A(DMftDNA±©PB Pjte^^^Jte^*^?rtTofi 0 ^ffcftidte. 
SkT<D£ LTtTo/- 0 7U^;f!) 7? hyr-^YfJ* ATCC138 

69£, pHSGXABK&ffl^TtgSL'^^Sfc (»i¥2- 2 0 7 7 9 1 ^&fft#HB) (C 
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t om^Ltz&, 25n g/m 1 <DU1~*4 -»^M-CM2Gt§Ji!±i;it 
3 4°CT*= n --Z&J&LtzWZm^LtZo 
n^fitzmt. X$M P B Plfif^Mftii: £ PBPS£ 

Rummm^-*-) ^m^tz^mx^m^A^tix^io iti^t, 

SrSftU AP3/p3^^^f+{tfc 0 AP3/p3«eti\ ^SPBPlCTM^D 
NA±l:S$^ jE^&PBPite^Srafr^*^ K^auia^tc^-t-So & 



1 

WO 99/45131 



22 



PCT/JP99/01084 



2 . wsias y *mmwtK m i wag-era:^ y >&£g6asiE#fc«fg 

3. Mte^y^MM/^, -<-v-y = - K-f-sJte^ (pbp 

5. Btjfe-^-v-y -<-^y >g sds- 
^yr^y/vrs: K^/vi^fiwiiBeo, o o o&^i-ssR-e&sai 

7 . huIS P B Pitted, SE^m<^E?»J#-§- 1 {CTF-r^SSS^iJ^ 9 < 
£ t>£g#^-8 8 1 -2 6 2 3 T&3ft5£SE?iJ&#-f-5»3feJl 3 12tt(0^fe 0 

8. TIE (A) Xli (B) DTtlfiSI:^- F'toDNA, 
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9. TIE (a) XI* (b) (C^1"D N AX'foZfflPZ 7tefttf>DN A 0 
( a ) iE?iMtf>I^J#-§- 1 tCieft^&SE^ 0 *>, < £ k&S#"^ 8 8 1 
- 2 6 2 3^f>^-5^SlB^J^^tfDNA 0 

(b) mm^j\m% [z^M^mmmoh, t 8 8 1 

-2623*^ & -5&£fa?'J ^fD^^xyf ft&WTX*'^ X V X-f X L v 
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^ v«Ji-ix(D;s^ (^M) 



Fig. 7 



WO 99/45131 ' 1/13 PCT/JP99/01084 

SEQUENCE LISTING 
<110> 9fc(7>^#c5t£#: (Ajinomoto Co., Inc.) 

<120> ^-v-y yU^WBm^RXlh-^^^ ^ ^tf>tB££ 
(A Gene Coding for Penicillin Binding Protein and a 
Method for Producing L-Glutaraic Acid) 

<130> 0P846-PCT 

<141> 1999-03-05 

<150> JP 10-55608 
<151> 1998-03-06 

<160> 6 

<170> Patentln Ver. 2.0 

<210> 1 

<211> 5347 

<212> DNA 

<213> Brevibacterium lactofermentum 

<220> 
<221> CDS 

<222> (881) . . (2623) 

<220> 
<221> CDS 

<222> (2790) . . (4454) 

<220> 
<221> CDS 

<222> (4467) . . (5345) 
<400> 1 

aagcttcggg gaggggcgcg tcgataagca cgcaacctcg tcgtgacatg gcgccggaaa 60 
ggaaacaacc cgggccctgg tgaaccctgg cgtgcagcaa cgcgtaattg atgcagcaca 120 
agctgggctc tcagcaggtt atgtcggtgc gtggtcgccg cgttgaggca aaacgtgctg 180 
atcctaaggt gatccagctg tctgtgctgg tggttatcct gctgtgcgtt ggtgttggcg 240 
cgaccatggg tctgtccgga acgtctacac agcagacttt ccagttgcag gaacttcagg 300 
caactgaaac ggatttgagc aatcgcattg agtctctcaa ccgagatgtg gaagatgctc 360 
gctcagcagc aaccttggca gcgaatgcta cggagatggg cttggtatcc ccagtggaac 420 
ctggcgtgct cgcagtgcag gaaaacggtg atgttgtgga ggagcgcgaa caaatccaga 480 
gacacgccct atagttgaca tcaatggaca acagacccga ccaaatcggg catcaagcaa 540 
ccctgacgag actaacgcat actgaaaacc tccaggcgat tccacaagaa gcagcagctc 600 
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cgccgtatca gaccaacact gttccttatg ctgcaaccac cggacaagca ggtggcgcag 660 

ggcagtgact ttccccagca atggcagaag tcggggcgag cgtgcgggac gtgaagatac 720 

gtcccgccgt tcggcgtatc aggacgaaag cagaagagcc gctagagagc gcgaacttac 780 

gcgacgcagc ggtaaagcta aaggcgtaaa ccaagaagaa ggagtgacct accggcctaa 840 

atcttcaacc cagggcggcg cacgcaagcg acgtgtgaac atg gtt ace cgt ate 895 

Met Val Thr Arg lie 
1 5 

gca ttg gtc ate get ggc gta ctg ate att cgc etc ggc tgg gtc caa 943 
Ala Leu Val He Ala Gly Val Leu lie lie Arg Leu Gly Trp Val. Gin 
10 15 20 

gtt gtc tgg gga cca gaa ctg tec etc aat get teg gaa cag cgc acc 991 
Val Val Trp Gly Pro Glu Leu Ser Leu Asn Ala Ser Glu Gin Arg Thr 
25 30 35 

cgc gtg tac gta gat cct gca cgc cgt gga acc ate gtg gac cgc gaa 1039 
Arg Val Tyr Val Asp Pro Ala Arg Arg Gly Thr He Val Asp Arg Glu 
40 45 50 

gga aac cag atg gcg tac acg atg cag gca cgt teg ctg acg gtt tct 1087 
Gly Asn Gin Met Ala Tyr Thr Met Gin Ala Arg Ser Leu Thr Val Ser 
55 60 65 

ccg aac ate atg cgt gag gaa tta aag acc gga act gat ctg gec ttg 1135 
Pro Asn lie Met Arg Glu Glu Leu Lys Thr Gly Thr Asp Leu Ala Leu 
70 75 80 85 

cgt ttg gcg get gaa gaa acc gat ccg gaa aac gtg gec age tat gtg 1183 
Arg Leu Ala Ala Glu Glu Thr Asp Pro Glu Asn Val Ala Ser Tyr Val 
90 95 100 

acc ate gaa gaa ggc aac gcg tat gtt ttt gcg tct gaa gaa cag cgc 1231 
Thr lie Glu Glu Gly Asn Ala Tyr Val Phe Ala Ser Glu Glu Gin Arg 
105 110 115 

gaa acc att ctg tec gac aag gta gaa gag cgt att caa age att gcg 1279 
Glu Thr lie Leu Ser Asp Lys Val Glu Glu Arg He Gin Ser He Ala 
120 125 130 

gat egg ate cct gag ate ate aaa tec cat gac caa gat gtc act gga 1327 
Asp Arg He Pro Glu He He Lys Ser His Asp Gin Asp Val Thr Gly 
135 140 145 

att tec tct gag gag ate ctg gac aag etc aat gca gat age cag tat 1375 
He Ser Ser Glu Glu He Leu Asp Lys Leu Asn Ala Asp Ser Gin Tyr 
150 155 160 165 

gag gtg etc gtc cgc aat gtt gat ccc gat gta gcg tea gaa ate acc 1423 
Glu Val Leu Val Arg Asn Val Asp Pro Asp Val Ala Ser Glu He Thr 
170 175 180 

gat gag atg ccc age gtc gca get gat cat caa gac ate cgc caa tac 1471 
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Asp Glu Met Pro Ser Val Ala Ala Asp His Gin Asp lie Arg Gin Tyr 
185 190 195 



cca aac ggc gcg att ggt gaa aac ate ate ggt cga ate age atg gac 
Pro Asn Gly Ala He Gly Glu Asn lie He Gly Arg He Ser Met Asd 
200 205 210 



1519 



ggc gaa ggc cag ttc ggc ttt gag get tec aac gat tec ctg ttg gca 1567 
Gly Glu Gly Gin Phe Gly Phe Glu Ala Ser Asn Asp Ser Leu Leu Ala 
215 220 225 

gga aac aac ggt cgc tea acc cag gac atg tec att ttg gga caa gca 1615 
Gly Asn Asn Gly Arg Ser Thr Gin Asp Met Ser lie Leu Gly Gin Ala 
230 235 240 245 

ate ccg ggc acg ttg agg gat caa att cca gec att gat ggt gee age 1663 
lie Pro Gly Thr Leu Arg Asp Gin He Pro Ala He Asp Gly Ala Ser 
250 255 260 

gtt gaa etc acc gtt gat ctg gat ctg caa acc tat gtg cag cag gca 1711 
Val Glu Leu Thr Val Asp Leu Asp Leu Gin Thr Tyr Val Gin Gin Ala 
265 270 275 

ttg gag cag gcg aaa get aac tec ggt gca gaa aac gec tec get gtg 1759 
Leu Glu Gin Ala Lys Ala Asn Ser Gly Ala Glu Asn Ala Ser Ala Val 
280 i 285 290 

gtt ctt gat gec gag acc get gag gtt ttg gcg atg gca aac acc gat 1807 
Val Leu Asp Ala Glu Thr Ala Glu Val Leu Ala Met Ala Asn Thr Asp 
295 300 305 



acc ate aac ccc aac gaa gac acg gga aag cag att gag cag ggc aag 
Thr He Asn Pro Asn Glu Asp Thr Gly Lys Gin He Glu Gin Gly Lys 
310 315 320 325 



1855 



age ttt gac aat cct tct gtc acc cac ccc ttc gag cct ggt tct gta 
Ser Phe Asp Asn Pro Ser Val Thr His Pro Phe Glu Pro Gly Ser Val 
330 335 340 



1903 



gec aag gtg att act gca gca ggc gta att caa gac ggc ttg act act 
Ala Lys Val lie Thr Ala Ala Gly Val He Gin Asp Gly Leu Thr Thr 
345 350 355 



1951 



cca gat gaa gtg ttg cag gta ccg ggc agt att gaa atg gee ggt gtt 1999 
Pro Asp Glu Val Leu Gin Val Pro Gly Ser lie Glu Met Ala Gly Val 
360 365 370 

tct gtc ggt gat gcg tgg gac cac ggt gtc gtt ccc tat acc act gca 2047 
Ser Val Gly Asp Ala Trp Asp His Gly Val Val Pro Tyr Thr Thr Ala 
375 380 385 



gga att ttt ggt aag tec teg aat gta ggc act ctg atg ctt gcg cac 
Gly He Phe Gly Lys Ser Ser Asn Val Gly Thr Leu Met Leu Ala His 
390 395 400 405 



2095 



ggt ctt ggt gaa gat aaa ttt get gat tac ctg gaa cga ttc ggt gtg 
Gly Leu Gly Glu Asp Lys Phe Ala Asp Tvr Leu Glu Arg Phe Gly Val 
410 415 420 



2143 
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gga cag tea acg ggt att gag ctt ccg age gaa tec caa ggc ctg ctg 2191 
r -ly Gin Ser Thr Gly He Glu Leu Pro Ser Glu Ser Gin Gly Leu Leu 
425 430 435 

ccc gca cgt gag cag tgg tct ggc ggt act ttt get aac ctg ccc ate 2239 
Pro Ala Arg Glu Gin Trp Ser Gly Gly Thr Phe Ala Asn Leu Pro He 
440 445 450 

ggt cag ggt atg teg ate ace acg ttg caa atg get gga ate tac caa 2287 
Gly Gin Gly Met Ser He Thr Thr Leu Gin Met Ala Gly lie Tyr Gin 
455 460 465 

gec ttg gee aac gat ggt gaa cgc att gaa ccg egg ate ate aag age 2335 
Ala Leu Ala Asn Asp Gly Glu Arg lie Glu Pro Arg He He Lys Ser 
47Q 475 480 485 

gtg act gat tct gac gga aca gtc eta gag cag ccg gaa ccc gat aaa 2383 
Val Thr Asp Ser Asp Gly Thr Val Leu Glu Gin Pro Glu Pro Asp Lys 
490 495 500 

iic cag gtt gtc age get gaa get gee cgc ace acg gtg gat atg ttt 2431 
^ Gin Val Val Ser Ala Glu Ala Ala Arg Thr Thr Val Asp Met Phe 
505 510 515 

agg tct gtc acc cag;, gtt gat cca ctt gga gtg cac aag gta ccg etc 2479 
Arg Ser Val Thr Gin Val Asp Pro Leu Gly Val His Lys Val Pro Leu 
520 525 530 

cag acg cct cca ttg agg gtt ate aaa tct cag gta aga cag gta egg 2527 
31 n Thr Pro Pro Leu Arg Val He Lys Ser Gin Val Arg Gin Val Arg 
535 540 545 

cgc aaa aag ttg acc cca aca egg gcg cgt act eta act cgc aat act 2575 
Arg Lys Lys Leu Thr Pro Thr Arg Ala Arg Thr Leu Thr Arg Asn Thr 
550 555 560 565 

gga tta cct tct egg gta ttg cac ccg ctg atg ate etc gat ttg ttg 2623 
Gly Leu Pro Ser Arg Val Leu His Pro Leu Met He Leu Asp Leu Leu 
570 575 580 

tagecatcat gcttgatgag ccagaacgcg gagtccaegg tggtggcggc caaaccgcag 2683 

cacctttgtt caaagacatc gccacctggt tgctcaaccg cgacaacatc ccactgtctg 2743 

cagccaccga accgatcatc cttcaagctc aataactcaa acagaa gtg tct ttt 2798 

Val Ser Phe 
1 

gta gaa ttt cat aat ctg aac ttt tgt ttg aac tct ttt egg cat cac 2846 
Val Glu Phe His Asn Leu Asn Phe Cys Leu Asn Ser Phe Arg His His 



cca cgt gec gcg tec gaa tta tta aca cct aga aac ctg tgg agg aga 2894 
Pro Arg Ala Ala Ser Glu Leu Leu Thr Pro Arg Asn Leu Trp Arg Arg 
20 25 30 35 

gaa aac cat ggc aac cac gtt get gga cct cac caa act tat cga tgg 2942 
Glu Asn His Gly Asn. His Val Ala Gly Pro His Gin Thr Tyr Arg Trp 
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40 45 50 

cat cct caa ggg etc tgc cag ggc gtt ccc get cac gca gta ggg gaa 2990 

His Pro Gin Gly Leu Cys Gin Gly Val Pro Ala His Ala Val Gly Glu 

55 60 65 

caa gca ate gcg get att ggt ctt gac tec tec age ttg cct ace teg 3038 

Gin Ala He Ala Ala lie Gly Leu Asp Ser Ser Ser Leu Pro Thr Ser 

70 75 80 

gac get att ttt get gca gtt cca gga ace cgc act cac ggc gca cag 3086 

Asp Ala lie Phe Ala Ala Val Pro Gly Thr Arg Thr His Gly Ala Gin 

85 90 95 

ttt gca ggt acg gat aac get gcg aaa get gtg gee att ttg act, gac 3134 

Phe Ala Gly Thr Asp Asn Ala Ala Lys Ala Val Ala He Leu Thr Asp 

100 105 110 115 

gca get gga ctt gag gtg etc aac gaa gca gga gag acc cgc cca ate 3182 

Ala Ala Gly Leu Glu Val Leu Asn Glu Ala Gly Glu Thr Arg Pro lie 

120 125 130 

ate gtt gtt gat gat gtc cgc gca gta ctt ggc gca gca tea tea age 3230 

He Val Val Asp Asp Val Arg Ala Val Leu Gly Ala Ala Ser Ser Ser 

135 140 145 

att tat ggc gat cct tea aaa gat ttc acg etc att gga gtc act gga 3278 

He Tyr Gly Asp Pro Ser Lys Asp Phe Thr Leu He Gly Val Thr Gly 

150 155 160 

acc tea ggt aaa acc acc acc age tac etc ttg gaa aaa gga etc atg 3326 

Thr Ser Gly Lys Thr Thr Thr Ser Tyr Leu Leu Glu Lys Gly Leu Met 

165 170 175 

gag gca ggc cac aaa gtt ggt ttg ate ggc acc aca ggt aca cgt ata 3374 

Glu Ala Gly His Lys Val Gly Leu He Gly Thr Thr Gly Thr Arg He 

180 185 190 195 

gat ggg gaa gaa gta ccc acg aag etc acc act cca gaa gcg ccg act 3422 

Asp Gly Glu Glu Val Pro Thr Lys Leu Thr Thr Pro Glu Ala Pro Thr 

200 205 210 

ctg cag gca ttg ttt get cga atg cgc gat cac ggt gtc acc cac gtg 3470 

Leu Gin Ala Leu Phe Ala Arg Met Arg Asp His Gly Val Thr His Val 

215 220 225 

gtg atg gaa gta tec age cat gca ttg tea ttg ggc agg gtt gcg ggt 3518 

Val Met Glu Val Ser Ser His Ala Leu Ser Leu Gly Arg Val Ala Gly 

230 235 240 

tec cac ttt gat gta get gcg ttt acc aac ctg teg cag gat cac ctt 3566 

Ser His Phe Asp Val Ala Ala Phe Thr Asn Leu Ser Gin Asp His Leu 

245 250 255 

gat ttc cac ccc acc atg gat gat tac ttt gac gcg aag gca ttg ttc 3614 

Asp Phe His Pro Thr Met Asp Asp Tyr Phe Asp Ala Lys Ala Leu Phe 

260 265 270 275 
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ttc cgc gca gat tct cca ctt gtg get gac aaa cag gtc gtg tgc gtg 3662 

Phe Arg Ala Asp Ser Pro Leu Val Ala Asp Lys Gin Val Val Cys Val 

280 285 290 

gat gat tct tgg ggt cag cgc atg gec age gtg gca gcg gat gtg caa 3710 

Asp Asp Ser Trp Gly Gin Arg Met Ala Ser Val Ala Ala Asp Val Gin 
295 300 305 

aca gta tec acc ctt ggg caa gaa gca gac ttc age get aca gat ate 3758 

Thr Val Ser Thr Leu Gly Gin Glu Ala Asp Phe Ser Ala Thr Asp lie 
310 315 320 

aat gtc age gac tct ggc gec cag agt ttt aag ate aac gec ccc tea 3806 

Asn Val Ser Asp Ser Gly Ala Gin Ser Phe Lys He Asn Ala Pro Ser 
325 330 335 

aac cag tec tac cag gtc gag eta gec ctt cca ggt gcg ttc aac gtt 3854 

Asn Gin Ser Tyr Gin Val Glu Leu Ala Leu Pro Gly Ala Phe Asn Val 
340 345 350 355 

get aac gec acg ttg gca ttt gec get gcg gca ccg tgg gtg ttg atg 3902 

Ala Asn Ala Thr Leu Ala Phe Ala Ala Ala Ala Pro Trp Val Leu Met 

360 365 370 

gcg acg ttt get cga ggc atg tec aag gtc gcg gtt cca ggc cgt atg 3950 

Ala Thr Phe Ala Arg Gly Met Ser Lys Val Ala Val Pro Gly Arg Met 
375 380 385 

gaa cgc att gat gag gga caa gac ttc ctt gca gtg gtg gat tat gec 3998 

Glu Arg He Asp Glu Gly Gin Asp Phe Leu Ala Val Val Asp Tyr Ala 
390 395 400 

cac aag cct get gca gtg get get gtg ttg gat acg ttg agg acc cag 4046 

His Lys Pro Ala Ala Val Ala Ala Val Leu Asp Thr Leu Arg Thr Gin 
405 410 415 

att gac ggg cgc etc gga agt ggt tat egg tgc tgg tgg aga cgc gat 4094 

He Asp Gly Arg Leu Gly Ser Gly Tyr Arg Cys Trp Trp Arg Arg Asp 
420 425 430 435 

tec acc aag cgt ggc ccc atg ggc agt tgt ccg cac agg tct gga tct 4142 

Ser Thr Lys Arg Gly Pro Met Gly Ser Cys Pro His Arg Ser Gly Ser 

440 445 450 

agt tat tgt act gat gca aac etc gtc aga gtg get ggc acg att cgc 4190 

Ser Tyr Cys Thr Asp Ala Asn Leu Val Arg Val Ala Gly Thr He Arg 
455 460 465 

gca gca gtc act gca gga gca cag cag ggt get tea gag tec gaa cga 4238 

Ala Ala Val Thr Ala Gly Ala Gin Gin Gly Ala Ser Glu Ser Glu Arg 
470 475 480 

ccg gtg gaa gtc eta gaa att ggt gac cgt gca gaa gca att cgc gtt 4286 

Pro Val Glu Val Leu Glu He Gly Asp Arg Ala Glu Ala He Arg Val 
485 490 495 

ttg gtc gag tgg gca cag cct gga gat ggc att gta gta get gga aaa 4334 

Leu Val Glu Trp Ala Gin Pro Gly Asp Gly He Val Val Ala Gly Lys 
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500 505 510 515 

ggc cat gaa gtt gga caa eta gtt get ggt gtc ace cac cat ttt gat 4382 
Gly His Glu Val Gly Gin Leu Val Ala Gly Val Thr His His Phe Asp 
520 525 530 

gac cgc gaa gaa ggt cgc get get ttg aca gaa aag etc aac aat aaa 4430 
Asp Arg Glu Glu Gly Arg Ala Ala Leu Thr Glu Lys Leu Asn Asn Lys 
535 540 545 

ctt ccc ctt act acg gaa gaa gga taggecacag tc atg ate aca atg acc 4481 
Leu Pro Leu Thr Thr Glu Glu Gly Met lie Thr Met Thr 

550 555 1 

ctt ggg gaa ate get gac ate gtt gga ggc agg eta act ggc ggt. get 4529 
Leu Gly Glu lie Ala Asp lie Val Gly Gly Arg Leu Thr Gly Gly Ala 
.5 10 15 20 

caa gaa gat acg ctt gtg age tec age gtg gaa ttt gat tct cga tec 4577 
Gin Glu Asp Thr Leu Val Ser Ser Ser Val Glu Phe Asp Ser Arg Ser 
25 30 35 

etc aca ccg ggt ggc ttg ttt tta gca ctt ccg ggt get cgt gta gac 4625 
Leu Thr Pro Gly Gly Leu Phe Leu Ala Leu Pro Gly Ala Arg Val Asp 
40 45 50 

ggc cat gat ttt get gca act gca att gag aaa ggt gcg gtc gca gta 4673 
Gly His Asp Phe Ala Ala Thr Ala lie Glu Lys Gly Ala Val Ala Val 



55 60 6 



ttg gca gee cgt gag gtt gac gta cct gcg ate gtc gtg cct cca gta 4721 

Leu Ala Ala Arg Glu Val Asp Val Pro Ala He Val Val Pro Pro Val 
70 75 80 

aaa ate cag gaa tec aat get gac att tat get cat gaa cca gat ggg 4769 

Lys He Gin Glu Ser Asn Ala Asp lie Tyr Ala His Glu Pro Asp Gly 
85 90 95 100 

cat ggc gcg gcg gta gtg gag gcg ttg tct egg ttg get cgc cac gtg 4817 

His Gly Ala Ala Val Val Glu Ala Leu Ser Arg Leu Ala Arg His Val 
105 110 115 

gtg gat ate tgc gtg get ggc cat caa ttg aac gtt gtg get att act 4865 

Val Asp He Cys Val Ala Gly His Gin Leu Asn Val Val Ala lie Thr 
120 125 130 

ggt tct gcg gga aag act tct acg aag gat ttc ate gcg acg gtt ctt 4913 

Gly Ser Ala Gly Lys Thr Ser Thr Lys Asp Phe He Ala Thr Val Leu 

135 140 145 

ggc caa gat ggg cca act gtg gca cct ccg ggc teg ttt aac aat gag 4961 

Gly Gin Asp Gly Pro Thr Val Ala Pro Pro Gly Ser Phe Asn Asn Glu 
150 155 160 

ctt ggt ttg cca cac acc gtc cgc tgc aca acc gat act aag tat ttg 5009 

Leu Gly Leu Pro His Thr Val Arg Cys Thr Thr Asp Thr Lys Tyr Leu 
165 170 175 180 
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gtg get gag atg tec gcg cgt ggc att gga cat att aag cac ctg aca 5057 

Val Ala Glu Met Ser Ala Arg Gly He Gly His lie Lys His Leu Thr 
185 190 195 

gag att cgt ccg cca egg att gca get gtg etc aac gtc ggc cat gcg 5105 

Glu lie Arg Pro Pro Arg lie Ala Ala Val Leu Asn Val Gly His Ala 
200 205 210 

cac ctg ggt gaa ttt gga tec cgc gag aat ate gcg cag gca aaa ggc 5153 

His Leu Gly Glu Phe Gly Ser Arg Glu Asn He Ala Gin Ala Lys Gly 
215 220 225 

gag ate att gaa gcg ctg ccc teg aag aaa acg ggt ggg gta gca gtc 5201 

Glu He lie Glu Ala Leu Pro Ser Lys Lys Thr Gly Gly Val Ala Val 
230 235 240 

ctt aac get gac gat cct ttt gtc gee egg atg get cca cgc act aag 5249" 

Leu Asn Ala Asp Asp Pro Phe Val Ala Arg Met Ala Pro Arg Thr Lys 

245 250 255 260 

gcg cgc gtg gtg tgg ttt acc ace gat gca ggc caa gca aaa aag tct 5297 

Ala Arg Val Val Trp Phe Thr Thr Asp Ala Gly Gin Ala Lys Lys Ser 
265 270 275 

gat tat tgg gca acg agt att tea ctg gac get gtt gcg egg gca age 5345 

Asp Tyr Trp Ala Thr £er He Ser Leu Asp Ala Val Ala Arg Ala Ser 
280 285 290 

tt 5347 



<210> 2 
<211> 581 
<212> PRT 

<213> Brevibacterium lactoferroentum 
<400> 2 

Met Val Thr Arg He Ala Leu Val He Ala Gly Val Leu lie He Arg 
15 10 15 

Leu Gly Trp Val Gin Val Val Trp Gly Pro Glu Leu Ser Leu Asn Ala 
20 25 30 

Ser Glu Gin Arg Thr Arg Val Tyr Val Asp Pro Ala Arg Arg Gly Thr 
35 40 45 

He Val Asp Arg Glu Gly Asn Gin Met Ala Tyr Thr Met Gin Ala Arg 
50 55 60 

Ser Leu Thr Val Ser Pro Asn He Met Arg Glu Glu Leu Lys Thr Gly 
65 70 75 80 

Thr Asp Leu Ala Leu Arg Leu Ala Ala Glu Glu Thr Asp Pro Glu Asn 
85 90 95 

Val Ala Ser Tyr Val Thr He Glu Glu Gly Asn Ala Tyr Val Phe Ala 
100 105 110 
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Ser Glu Glu Gin Arg Glu Thr He Leu Ser Asp Lys Val Glu Glu Arg 
115 120 125 

lie Gin Ser He Ala Asp Arg He Pro Glu lie He Lys Ser His Asp 
130 135 140 

Gin Asp Val Thr Gly He Ser Ser Glu Glu He Leu Asp Lys Leu Asn 
145 150 155 160 

Ala Asp Ser Gin Tyr Glu Val Leu Val Arg Asn Val Asp Pro Asp Val 
165 170 175 

Ala Ser Glu He Thr Asp Glu Met Pro Ser Val Ala Ala Asp His Gin 
180 185 190 

Asp lie Arg Gin Tyr Pro Asn Gly Ala He Gly Glu Asn He lie Gly 
195 200 205 

Arg He Ser Met Asp Gly Glu Gly Gin Phe Gly Phe Glu Ala Ser Asn 
210 215 220 

^sp Ser Leu Leu Ala Gly Asn Asn Gly Arg Ser Thr Gin Asp Met Ser 
225 230 235 240 

lie Leu Gly Gin Ala He Pro Gly Thr Leu Arg Asp Gin He Pro Ala 
245 z 250 255 

lie Asp Gly Ala Ser Val Glu Leu Thr Val Asp Leu Asp Leu Gin Thr 
260 265 270 

Tv-r Val Gin Gin Ala Leu Glu Gin Ala Lys Ala Asn Ser Gly Ala Glu 
275 280 285 

Asn Ala Ser Ala Val Val Leu Asp Ala Glu Thr Ala Glu Val Leu Ala 
290 295 300 

Met Ala Asn Thr Asp Thr He Asn Pro Asn Glu Asp Thr Gly Lys Gin 
305 310 315 320 

lie Glu Gin Gly Lys Ser Phe Asp Asn Pro Ser Val Thr His Pro Phe 
325 330 335 

Glu Pro Gly Ser Val Ala Lys Val He Thr Ala Ala Gly Val He Gin 
340 345 350 

Asp Gly Leu Thr Thr Pro Asp Glu Val Leu Gin Val Pro Gly Ser lie 
355 360 365 

Glu Met Ala Gly Val Ser Val Gly Asp Ala Trp Asp His Gly Val Val 
370 375 380 

Pro Tyr Thr Thr Ala Gly He Phe Gly Lys Ser Ser Asn Val Gly Thr 
385 390 395 400 

Leu Met Leu Ala His Gly Leu Gly Glu Asp Lys Phe Ala Asp Tyr Leu 
405 410 415 

Glu Arg Phe Gly Val Gly Gin Ser Thr Gly lie Glu Leu Pro Ser Glu 
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420 425 430 

Ser Gin Gly Leu Leu Pro Ala Arg Glu Gin Trp Ser Gly Gly Thr Phe 
435 440 445 

Ala Asn Leu Pro lie Gly Gin Gly Met Ser lie Thr Thr Leu Gin Met 
450 455 460 

Ala Gly He Tyr Gin Ala Leu Ala Asn Asp Gly Glu Arg lie Glu Pro 
465 470 475 480 

Arg He lie Lys Ser Val Thr Asp Ser Asp Gly Thr Val Leu Glu Gin 
485 490 495 

Pro Glu Pro Asp Lys He Gin Val Val Ser Ala Glu Ala Ala Arg .Thr 
500 505 510 

Thr Val Asp Met Phe Arg Ser Val Thr Gin Val Asp Pro Leu Gly Val 
515 520 525 

His Lys Val Pro Leu Gin Thr Pro Pro Leu Arg Val He Lys Ser Gin 
530 535 540 

Val Arg Gin Val Arg Arg Lys Lys Leu Thr Pro Thr Arg Ala Arg Thr 
545 550 555 560 

Leu Thr Arg Asn Thr Gly Leu Pro Ser Arg Val Leu His Pro Leu Met 
565 570 575 

He Leu Asp Leu Leu 
580 



<210> 3 
<211> 555 
<212> PRT 

<213> Brevibacterium lactofermentum 
<400> 3 

Val Ser Phe Val Glu Phe His Asn Leu Asn Phe Cys Leu Asn Ser Phe 
15 10 15 

Arg His His Pro Arg Ala Ala Ser Glu Leu Leu Thr Pro Arg Asn Leu 
20 25 30 

Trp Arg Arg Glu Asn His Gly Asn His Val Ala Gly Pro His Gin Thr 
35 40 45 

Tyr Arg Trp His Pro Gin Gly Leu Cys Gin Gly Val Pro Ala His Ala 
50 55 60 

Val Gly Glu Gin Ala He Ala Ala He Gly Leu Asp Ser Ser Ser Leu 
65 70 75 80 

Pro Thr Ser Asp Ala He Phe Ala Ala Val Pro Gly Thr Arg Thr His 
85 90 95 

Gly Ala Gin Phe Ala Gly Thr Asp Asn Ala Ala Lys Ala Val Ala He 
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100 



105 



110 



Leu Thr Asp Ala Ala Gly Leu Glu Val Leu Asn Glu Ala Gly Glu Thr 
115 120 125 

Arg Pro lie lie Val Val Asp Asp Val Arg Ala Val Leu Gly Ala Ala 
130 135 140 



Ser Ser Ser lie Tyr Gly Asp Pro Ser Lys Asp Phe Thr Leu He Gly 
145 150 155 160 

Val Thr Gly Thr Ser Gly Lys Thr Thr Thr Ser Tyr Leu Leu Glu Lys 
165 170 175 

Gly Leu Met Glu Ala Gly His Lys Val Gly Leu He Gly Thr Thr .Gly 
180 185 190 

Thr Arg lie Asp Gly Glu Glu Val Pro Thr Lys Leu Thr Thr Pro Glu 
195 200 205 

Ala Pro Thr Leu Gin Ala Leu Phe Ala Arg Met Arg Asp His Gly Val 
210 215 220 

Thr His Val Val Met Glu Val Ser Ser His Ala Leu Ser Leu Gly Arg 
225 230 235 240 

Val Ala Gly Ser His Phe Asp Val Ala Ala Phe Thr Asn Leu Ser Gin 
245 250 255 

Asp His Leu Asp Phe His Pro Thr Met Asp Asp Tyr Phe Asp Ala Lys 
260 265 270 

Ala Leu Phe Phe Arg Ala Asp Ser Pro Leu Val Ala Asp Lys Gin Val 
275 280 285 

Val Cys Val Asp Asp Ser Trp Gly Gin Arg Met Ala Ser Val Ala Ala 
290 295 300 

Asp Val Gin Thr Val Ser Thr Leu Gly Gin Glu Ala Asp Phe Ser Ala 
305 310 315 320 

Thr Asp lie Asn Val Ser Asp Ser Gly Ala Gin Ser Phe Lys He Asn 
325 330 335 

Ala Pro Ser Asn Gin Ser Tyr Gin Val Glu Leu Ala Leu Pro Gly Ala 
340 345 350 

Phe Asn Val Ala Asn Ala Thr Leu Ala Phe Ala Ala Ala Ala Pro Trp 
355 360 365 

Val Leu Met Ala Thr Phe Ala Arg Gly Met Ser Lys Val Ala Val Pro 
370 375 380 

Gly Arg Met Glu Arg He Asp Glu Gly Gin Asp Phe Leu Ala Val Val 
385 390 395 400 

Asp Tyr Ala His Lys Pro Ala Ala Val Ala Ala Val Leu Asp Thr Leu 
405 410 415 



I PCT/JP99/01084 
WO 99/45131 12/13 



Arg Thr Gin He Asp Gly Arg Leu Gly Ser Gly Tyr Arg Cys Trp Trp 
420 425 

Arg Arg Asp Ser Thr Lys Arg Gly Pro Met Gly Ser Cys Pro His Arg 
435 440 44b 

Ser Gly Ser Ser Tyr Cys Thr Asp Ala Asn Leu Val Arg Val Ala Gly 
450 4 55 460 

Thr lie Arg Ala Ala Val Thr Ala Gly Ala Gin Gin Gly Ala Ser Glu 
465 470 475 40U 

Ser Glu Arg Pro Val Glu Val Leu Glu lie Gly Asp Arg Ala Glu Ala 
485 490 

lie Arg Val Leu Val Glu Trp Ala Gin Pro Gly Asp Gly lie Val Val 
500 505 510 

Ala Gly Lys Gly His Glu Val Gly Gin Leu Val Ala Gly Val Thr His 
515 520 525 

His Phe Asp Asp Arg Glu Glu Gly Arg Ala Ala Leu Thr Glu Lys Leu 
530 535 540 

Asn Asn Lys Leu Pro Leu Thr Thr Glu Glu Gly 
545 550 555 



<210> 4 
<211> 293 
<212> PRT 

<213> Brevibacterium lactofermentum 

Mefllt Thr Met Thr Leu Gly Glu lie Ala Asp lie Val Gly Gly Arg 
I 5 10 Lt> 

Leu Thr Gly Gly Ala Gin Glu Asp Thr Leu Val Ser Ser Ser Val Glu 
20 25 w 

Phe Asp Ser Arg Ser Leu Thr Pro Gly Gly Leu Phe Leu Ala Leu Pro 
35 4 0 45 

Gly Ala Arg Val Asp Gly His Asp Phe Ala Ala Thr Ala He Glu Lys 
50 55 w 

Gly Ala Val Ala Val Leu Ala Ala Arg Glu Val Asp Val Pro Ala He 
65 70 75 80 

Val Val Pro Pro Val Lys ..He Gin Glu Ser Asn Ala Asp He Tyr Ala 

85 so 

His Glu Pro Asp Gly His Gly Ala Ala Val Val Glu Ala Leu Ser Arg 
100 105 

Leu Ala Arg His Val Val Asp He Cys Val Ala Gly His Gin Leu Asn 
115 120 1Zb 
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Val Val Ala lie Thr Gly Ser Ala Gly Lys Thr Ser Thr Lys Asp Phe 
130 135 140 

lie Ala Thr Val Leu Gly Gin Asp Gly Pro Thr Val Ala Pro Pro Gly 
145 150 155 160 

Ser Phe Asn Asn Glu Leu Gly Leu Pro His Thr Val Arg Cys Thr Thr 
165 170 175 

Asp Thr Lys Tyr Leu Val Ala Glu Met Ser Ala Arg Gly lie Gly His 
180 185 190 

lie Lys His Leu Thr Glu He Arg Pro Pro Arg He Ala Ala Val Leu 
195 200 205 

Asn Val Gly His Ala His Leu Gly Glu Phe Gly Ser Arg Glu Asn lie 
210 215 220 

Ala Gin Ala Lys Gly Glu He lie Glu Ala Leu Pro Ser Lys Lys Thr 
225 230 235 240 

Gly Gly Val Ala Val Leu Asn Ala Asp Asp Pro Phe Val Ala Arg Met 
245 250 255 

Ala Pro Arg Thr Lys Ala Arg Val Val Trp Phe Thr Thr Asp Ala Gly 
260 265 270 

Gin Ala Lys Lys Ser Asp Tyr Trp Ala Thr Ser He Ser Leu Asp Ala 
275 280 285 

Val Ala Arg Ala Ser 
290 

<210> 5 

<211> 30 

<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence *• primer 

<400> 5 

gcgcgaattc cgcaacctcg tcgtgacatg 30 



<210> 6 
<211> 340 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence : primer 
<400> 6 

gcgcgaattc aagaccaata gccgcgattg cttg 34 
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